. Charge-ordered low-energy states in the dipolar dice lattice. In a low energy state, V1 vertices will populate the z6 vertex sites with zero net magnetic charge (grey circles). At the z3 sites, the ice-rule will be obeyed with ± charges (blue and red circles) residing at the vertices. These charges will be ordered, so that each positive charge (blue circle) will be surrounded by three negative charges or vice-versa. There are two degenerate ways to achieve this type of charge coordination, either by a right-sided coordination (deep violet triangles) or left-sided coordination (deep purple triangles). Supplementary Figure 6 . Screening of emergent magnetic charge defects. From 2 6 = 64 possible arrangements of +q (blue circles) and -q (red circles) emergent magnetic charges around a +2q charge defect (cyan blue circle) there are only 6 + 6 + 3 = 15 charge configurations that result in an overall + ∑ = 0 magnetic charge, thus forming a screened state. Purely based on geometry, the probability to observe a screened state is 15/64 ≈ 0.23. The same applies to screening of a -2q charge. Supplementary Figure 7 . Temperature dependence of the stretch parameter. The stretch parameter is plotted as a function of temperature, as derived from thermal relaxation curves of screened magnetic charge defects. No clear dependence on temperature is found. Error bars are estimated by using the bootstrap method (see methods in the main text). Figure 8 . Activation energies of screened-and unscreened charge defects. Derived activation energy of screened (red circles) and unscreened (blue squares) charge defects for different attempt time . While the absolute value of the activation energy varies with attempt time, the difference in activation energy (∆ ) remains relatively unaffected (black crosses).
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